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(57)Abstract: 

PROBLEM TO BE SOLVED: To drive a multilevel semiconductor 
laser current stably with high accuracy at high speed by keeping a 
voltage being applied to the output section of a semiconductor 
laser driver at a constant level and setting the power supply 
voltage to minimize a voltage being applied to the output section 
within the operable range of the driver. 

SOLUTION: When a drive current is drawn out from the cathode 
side of a semiconductor laser 4, a voltage detecting section 21 
detects the collector voltage of a transistor 18 at the output 
section of a laser driver. Output signal from the voltage detecting 
section 21 is the voltage comparion section 22 and compared with 
the voltage of a reference voltage supply 23 and comparison result 
is fed back to a power supply transistor 24 in order to control the 
collector voltage of the transistor 18 at a constant level during 
recording, erasing and reproducing operations. When the collector 
voltage of the transistor 18 is set at a minimum operable level, i.e., 
a minimum level causing no bottoming saturation, generation of 
heat in the laser drive current output section can be kept at a 
minimum level. 
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CLAIMS 



[Claim(s)] 

[Claim 1] With the semiconductor laser driving gear for performing playback of data, and record of data 
using an optical disk As opposed to the highest frequency f when carrying out light modulation of the 
semiconductor laser to the shape of a pulse (f> 0) Build-up-time Ta (Ta> 0) of said light modulation wave 
and the relation of fall-time Tb (Tb> 0) Ta<0.5x0.5/f, The semiconductor laser driving gear characterized by 
approaching the conditions of 5 cm>L>0 in the distance L between said semiconductor laser driving gears 
and said semiconductor laser so that it may be set to Tb<0.5x0.5/f. 

[Claim 2] Said semiconductor laser driving gear is a semiconductor laser driving gear according to claim 1 
characterized by being carried in the same moving part as an optical pickup. 

[Claim 3] Said semiconductor laser driving gear N individual (N P laser power setting signals (P is the 
natural number below N) chosen with the change timing signal input section and said change timing signal 
of N individual for choosing respectively the laser power setting signal of the laser power setting signal 
input part of natural number), and said N-ary The semiconductor laser driving gear according to claim 2 
which has the current source which supplies a drive current to semiconductor laser according to said P 
laser power setting signals added by the signal adder unit and said signal adder unit for adding. 
[Claim 4] The laser power setting signal of said N individual is a semiconductor laser driving gear according 
to claim 3 characterized by taking a current input gestalt. 

[Claim 5] It is the semiconductor laser driving gear according to claim 3 characterized by the M timing 
signal input sections (M being the natural number below N) having the input gestalt of a differential mold 
among the change timing signal input means of said N individual. 

[Claim 6] The semiconductor laser driving gear according to claim 3 which has the armature-voltage 
control section of the power supply section and power supply section for controlling the electrical- 
potential-difference value concerning the semiconductor laser drive output section of said semiconductor 
laser driving gear to constant value as compared with a reference value. 

[Claim 7] The semiconductor laser driving gear according to claim 6 characterized by controlling said power 
supply section so that the electrical-potential-difference value concerning said semiconductor laser driving 
gear output section turns into the minimum value of said semiconductor laser driving gear output section 
which can be operated. 

[Claim 8] Said power supply section is a semiconductor laser driving gear according to claim 6 

characterized by being prepared outside the same moving part as said optical pickup. 

[Claim 9] By the semiconductor laser drive approach for performing playback of data, and record of data 

using an optical disk As opposed to the highest frequency f when carrying out light modulation of the 

semiconductor laser to the shape of a pulse (f> 0) Build-up-time Ta (Ta> 0) of said light modulation wave 

and the relation of fall-time Tb (Tb> 0) Ta<0.5x0.5/f, The semiconductor laser drive approach 

characterized by approaching the conditions of 5 cm>L>0 in the distance L between said semiconductor 

laser driving gears and said semiconductor laser so that it may be set to Tb<0.5x0.5/f. 

[Claim 10] The current mechanical component of said semiconductor laser is the current drive approach 

according to claim 9 characterized by being carried in the same moving part same with said semiconductor 

laser as said optical pickup. 

[Claim 1 1] The semiconductor laser drive approach according to claim 10 which inputs the laser power 
setting signal of N individual (N is the natural number) by said current drive approach, chooses the laser 
power setting signal of said N individual with the change timing signal of N individual, adds said P selected 
laser power setting signals (P is the natural number below N), and supplies the drive current according to 
said added setting signal to said semiconductor laser. 

[Claim 12] The laser power drive approach according to claim 1 1 characterized by making the laser power 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgLejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.gojp%2F... 06/02/07 



JP,t1-354893,A [CLAIMS] 



2/2 ^-v 



setting signal of said N~ary into a current input. 

[Claim 13] The semiconductor laser drive approach according to claim 1 1 characterized by transmitting M 
change timing signals (M being the natural number below N) with a differential signal among the change 
timing signals of said N individual. 

[Claim 14] The semiconductor laser drive approach according to claim 1 1 which observes the electrical 
potential difference of said semiconductor laser drive output section, controls the electrical potential 
difference of the power supply section which supplies a current to said semiconductor laser and the drive 
output section based on said observed value, and controls the electrical potential difference of said 
semiconductor laser drive output section to become a fixed electrical potential difference. 
[Claim 15] The semiconductor laser drive approach according to claim 14 which controls the supply voltage 
to said semiconductor laser drive output section to become the minimum value of said drive output section 
which can be operated. 

[Claim 16] Said power supply section is the semiconductor laser drive approach according to claim 14 
characterized by supplying a current to the semiconductor laser and semiconductor laser current 
mechanical component which were prepared in the field outside the same moving part as said optical 
pickup, and were carried in the same moving part as an optical pickup. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor laser control carried in the optical 

pickup of an optical disk unit. 

[0002] 

[Description of the Prior Art] An optical disk unit emits light in the semiconductor laser carried in the 
optical pickup. The reflection factor of the pit which condenses a feeble playback light on a disk at the time 
of playback, and is recorded on the disk, Phase contrast, a deflection angle, etc. are detected and read, 
semiconductor laser is made to emit light by power higher than the time of playback at the time of record, 
laser power is modulated according to the information to record, it records on a disk, laser power almost 
near at the time of record is irradiated on a disk at the time of elimination, and the Records Department is 
eliminated. 

[0003] For example, fundamentally, in record to a phase-change optical disk, binary [ of peak power and 
bias power ] is switched, it records a mark in the peak power section, and eliminates a record mark in the 
bias power section. 

[0004] However, in order to form the record mark stabilized in fact, it is insufficient, and two or more 
values more than binary need to be laser power switched of binary switching because of the purpose which 
equalizes the heating value applied to the mark which should be recorded, or the purpose which adjusts the 
heat balance of an edge always [ mark ] as shown in drawin g 1 . 

[0005] Record playback of an optical disk is also accelerated in recent years, and rapidity has come to be 
needed more also for the switching operation of the above-mentioned semiconductor laser. 
[0006] When it is going to realize the record pulse shown in drawin g 1 at the time of high-speed record and 
the pulse shape of semiconductor laser is not fully accelerated, as shown in drawin g 2 , laser power will not 
reach to desired peak value, but the heating-value imbalance to a record mark will arise, and a record mark 
will be distorted. 

[0007] Moreover, in the PWM record which has information in the edge before and after a record mark, 
since it is necessary to control the edge location of a record mark correctly, the record pulse with shorter 
standup of a record pulse and fall time is demanded. 
[0008] 

[Problem(s) to be Solved by the Invention] By the optical pickup which carried the semiconductor laser 
adopted conventionally, and the method which the semiconductor laser driving gear has separated, the 
drive current of semiconductor laser is usually transmitted with a flexible cable etc. In this case, the 
switching characteristic of a drive current gets worse with distributed constants, such as parasitic 
capacitance of a flexible cable. 

[0009] That is, aggravation of this switching characteristic serves as evil for accelerating an optical disk 
unit. 

[0010] This invention relates to power-saving for solving the problem of the heat centralization generated 
with the improvement to the above-mentioned evil, and an improvement. 

[001 1] Drawing 3 indicates build-up-time Tr of the semiconductor laser drive current when switching 
semiconductor laser in the shape of a pulse, and the relation of the fall time Tf to be the semiconductor 
laser of an optical disk unit, and the capacity component which is parasitic on the conductor between 
driving gears etc. 

[0012] Before the high frequency component of the pulse current transmitted is transmitted to 
semiconductor laser, it is bypassed through capacity, and build-up-time Tr of a driving pulse wave of 
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semiconductor laser and the fall time Tf become large as a capacity component will increase, if its 
attention is paid to the above-mentioned capacity component. That is, the record pulse which became 
blunt as shown in .^awing__2 is approached. 

[0013] Temporarily, if the pulse of the highest frequency f1 is needed in a semiconductor laser driving 
pulse, as for pulse width, 0.5/f 1 becomes minimum pulse width, therefore, conditions which do not have the 
amplitude fall of a driving pulse in the pulse of a frequency f1 Tr — < — 0.5x0.5/f 1 Tf — < — 0.5x0.5/f1 
(formula 1) 
It becomes. 

[0014] For example, the highest frequency = for 60MHz pulse switching implementation, it is required from 
a formula 1 that both Tr and Tf should be 4.16 or less ns. 

[0015] In order to realize Tr and Tf<4.16ns from the experimental result shown in d rawi ng 3 , 10pF or less 
can say that a parasitic capacitance component is required. In order to fulfill these conditions, it is required 
to contiguity-ize distance between semiconductor laser and a laser mechanical component within 5cm. 
[0016] Therefore, in order to attain high-speed laser switching, for the distributed constant between a 
laser driving gear and semiconductor laser, and the purpose which mainly reduces a capacity component, 
between a laser driving gear and semiconductor laser is made to approach, namely, it is necessary to carry 
a laser driving gear on the optical pickup in which semiconductor laser is included. Or it is necessary for 
the same moving part as an optical pickup to attach a laser driving gear. However, it is the problem of the 
heat generated from semiconductor laser and a laser driving gear to become a problem in this case. 
[0017] At the time of data logging to an optical disk, the semiconductor laser drive current lop is 
Td=K1xVdxIop, when the electrical potential difference which amounts to several 100mA and is built over 
the driving gear output section is set to Vd and a proportionality constant is set to K1. (formula 2) 
********** occurs in a driving gear. 

[0018] Since a laser driving gear and semiconductor laser need to approach in order to make small effect 
of a parasitic capacitance division-into-equal-parts cloth constant, and it is necessary to arrange them, 
they conduct the heat generated with the driving gear also to semiconductor laser, as mentioned above. 
[0019] It gets worse, more drive currents lop are needed, and the relation (differential effectiveness) of the 
laser luminescence power P to the drive current lop accelerates the temperature rise of a driving gear 
from a formula 1 further, so that the drive properties of semiconductor laser differ greatly and serve as an 
elevated temperature with temperature. 

[0020] Moreover, itself is a source of generation of heat, and semiconductor laser is Vop and a 
proportionality constant about the operating voltage of semiconductor laser K2, then Tld=K2xVopxIop 
(formula 3) 

It becomes **********. That is, it is the temperature rise of K3, then semiconductor laser about the 
conductivity of the heat from a drive circuit to semiconductor laser. Tld=K2xVopxIop+K3xK1xVdxIop 
(formula 4) 
It becomes. 
[0021] 

[Means for Solving the Problem] Control of control of the drive current lop, proportionality constants K1 
and K2, and thermal conductivity K3 and control of the electrical potential differences Vd and Vld 
concerning the driving gear output section can be considered as a solution means of the above trouble. 
[0022] lop is the property of a semiconductor laser proper and proportionality constants K1, K2, and K3 are 
dependent on an optical pickup configuration and a thermal design. Moreover, although Vop is also changed 
according to the drive current lop, the amount of fluctuation is decided by diode voltage and internal series 
resistance, and is the value of a semiconductor laser proper fundamentally. 

[0023] Therefore, generation of heat of the optical head section is controlled by controlling the electrical 
potential difference Vd concerning the laser driving gear output section. 

[0024] The power supply section which controls the electrical potential difference supplied to the laser 
driving gear output section in order to control Vd is prepared, and the electrical potential difference of the 
laser driving gear output section is supervised, it controls by feeding back the difference to a power supply 
section as compared with the electrical potential difference used as criteria so that Vd can always maintain 
constant value, and further, within limits which can be drive operated, the laser driving gear output section 
sets up the electrical potential difference of a power supply section so that Vd may become the minimum 
value. 

[0025] The above-mentioned power supply section installs in locations other than the optical pickup in 
which semiconductor laser and a semiconductor laser driving gear are carried. That is, the surplus exoergic 
section is isolated in the location which does not participate in the semiconductor laser section thermally. 
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[0026] Even if it furthermore changes the supply voltage of an optical disk unit with fluctuation of AC 
Rhine electrical potential difference, fluctuation of a load, other variations, etc., Vd of the semiconductor 
laser driving gear output section is kept constant, and generation of heat within an optical pickup stops 
being always related to these fluctuation. 

[0027] Thus, generation of heat in the optical pickup section can always be controlled by maintaining the 
electrical potential difference Vd concerning the laser driving gear output section at the minimum electrical 
potential difference which can be operated in the minimum condition, and the high speed semiconductor 
laser drive stabilized as a result can be realized. 
[0028] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. 
[0029] The system configuration Fig. of an optical disk record regenerative apparatus is shown in dra w ing 
4 . The roll control of the optical disk 1 is carried out in the fixed direction by the spindle motor 2. 3 is an 
optical pickup for performing record playback of data to an optical disk 1. 

[0030] Drawing 5 contains the laser driving gear with the block diagram of an optical pickup 3. 
Semiconductor laser 4 outputs laser beam a according to the drive current lop supplied from the laser 
driving gear 5. Laser beam a outputted from semiconductor laser 4 is made into parallel light with a 
collimate lens 6, it passes a beam splitter 7 and incidence is carried out to an objective lens 8. With an 
objective lens 8, a laser beam is condensed and the focus of the condensing spot is carried out to the 
data-logging side of an optical disk 1. 

[0031] The laser beam reflected by the recording surface turns into parallel light with an objective lens 8 
again, changes an optical path and is condensed by the beam splitter 7 at a photodetector 9. 
[0032] The reflected light of an optical disk 1 is changed into an electrical signal by the photodetector 9, 
and is inputted into the servo block 1 0 of d rawi ng 4 . Focal control and tracking control are made according 
to the electrical signal of a photodetector 9. 

[0033] b, c, d and e, i.e., focal signal +, which are shown by drawin g 4 and drawing 5 , focal signal -, tracking 
signal +, and tracking signal - are inputted into the servo block 10. With a servo block, a tracking error 
signal is made from focal error signal and tracking signal + and tracking signal - from focal signal + and 
focal signal -. 

[0034] Current amplification of a focal error signal and the tracking error signal is carried out, they are told 
to the actuator 11 of an optical pickup 3, and position control is carried out so that the outgoing radiation 
light of an optical pickup 3 may condense on the recording surface of an optical disk 1 . 
[0035] Moreover, the focal signals b and c and the tracking signals d and e which are outputted from a 
photodetector 9 are inputted into the regenerative-signal processing block 12 at coincidence, and the 
signal component of the high frequency band in a signal is detected as information data currently recorded 
as a pit on the optical disk. 

[0036] In the record signal-processing block 13, modulation, laser power which carries out format 
conversion and which is shown later, and timing control are performed for external input data to optical 
disks. 

[0037] The Maine control block 14 is controlling the above regenerative-signal processing block 13 and the 
record signal-processing block 12. 

[0038] The power and the record mark of semiconductor laser when recording a mark on a phase-change 
optical disk as an example are shown in drawing 6 . The peak power 1 (PEAK1) and the peak power 2 
(PEAK2) are the power for forming a record mark on an optical disk 1. The bias power 1 (BIAS1) is the 
power for eliminating the mark recorded on the substrate. The bias power 2 (BIAS2) is the power for 
reducing heat are recording of a mark. 

[0039] Moreover, about the area which is not recorded, playback power (READ) is always turned on. 
[0040] That is, this example means needing a laser power setup of five values for data logging to an optical 
disk, and playback. 

[0041] The block diagram of a semiconductor laser driving gear is shown in d rawin g 7 . A playback power 
programmed-current input (IINRD), the peak power 1 programmed-current input (IINPK1), the peak power 2 
programmed-current input (IINPK2), the bias power 1 programmed-current input (IINBS1), and the bias 
power 2 programmed-current input (IINBS2) are inputted into the current input buffer section 15 from the 
record signal-processing block 13, respectively. 

[0042] By taking a current input gestalt, a power setting signal can make the impedance of an electrical 
transmission way small, and makes effect of a noise the minimum in the long transmission line by a flexible 
cable etc. In addition, as for Above IINRD, and IINPK1, IINPK2, IINBS1 and IINBS2, it is also possible for a 
current input to take not conditions but a volt input gestalt absolutely. 
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[0043] Timing signals are a playback power timing signal (RDMD), peak power 1 timing signal (PK1MD+, 
PK1MD-), peak power 2 timing signal (PK2MD+ PK2MD-), bias power 1 timing signal (BS1MD+, BS1MD-), 
and bias power 2 timing signal (BS2MD). 

[0044] A power timing signal functions as an enable signal to the power programmed current inputted into 
the current buffer section 15 in a current driving gear. 

[0045] The switching timing of the timing signal for realizing laser luminescence shown by dra wing 6 is 
shown in d ra wing 8 . An active state and bias power 2 timing-signal BS2MD are also always active states in 
record or elimination area between playback power luminescence time amount, and playback power timing 
signal RDMD seldom needs rapidity as a switching speed. Therefore, in this example, the timing 
transmission system of the single end is taken about the above-mentioned 2 timing signals, and it is 
inputted into the single end logic input section 1 6. 

[0046] In d rawin g 8 , BS2MD makes L level the active state. Peak power 1 timing-signal PK1MD, peak 
power 2 timing-signal PK2MD, and bias power 1 timing-signal BS1MD are a timing signal which needs high- 
speed switching at the time of record mark formation, take a differential gestalt, and are inputted into the 
differential logic input section shown in drawing J as drawin g 8 shows them. The signal after the operation 
of the control signal of a difference input is defined as follows, respectively. 
[0047] 

PK1MD=(PK1MD+)- (PK1MD-) (formula 5) 
PK2MD=(PK2MD+)- (PK2MD-) (formula 6) 
BS1MD=(BS1MD+)- (BS1MD-) (formula 7) 

If PK1MD of draw|ng_8 is taken for an example, PK1MD+ will make an active state the time of H level and 
PK1MD- being L level. It is possible to cancel a penetration noise component also in the long transmission 
line by a flexible cable etc. for the data transmission of a differential gestalt. moreover — since the 
crossing point of a positive logic input and a negative logic input serves as an edge location of the result of 
an operation, ****** change of duty arises by voltage variation and the noise — final difference — 
affecting the duty after an operation decreases. 

[0048] By the optical disk record approach which adopts as the die length of a record mark the PWM 

record which gives information, the duty shelf life of a record pulse is very important. 

[0049] Under a definition, the relation of lop is indicated to be each control line as follows above. 

Iop=Gx ( RDMDxIINRD +PK1 MDxIINPKI +PK2 MDxIINPK2 +BS1 MDxIINBSI +BS2 MDxIINBS2) (formula 8) 

It becomes. G is gain of a current mechanical component shown in 18 of draw ing 7 . 

[0050] a timing signal be make into a 2 signal differential type , distribute and it depend until it adopt an 

addition method as the creation of a scale and a semiconductor laser driving signal and finally carry out the 

addition composition of the improvement in precision by increase the reinforcement for a noise , and in 

order to deal with and process each element current of small level , it become that it be advantageous in 

calorific value , a switching characteristic , etc. in the buffer sections 15,16, and 17 about the record and 

the elimination actuation which need a rapidity for control timing as mentioned above . 

[0051] Drawing 9 and drawi ng 10 are drawings in which the configuration of the output section 18 of a 

semiconductor laser current driving gear was simplified and described. 

[0052] Drawing_9_ shows the method which supplies the drive current lop in the direction sucked out of the 
cathode side of semiconductor laser 4, and drawin g 1010 shows the method which supplies the drive 
current lop in the direction slushed from the anode side of semiconductor laser 4. 
[0053] The laser drive current lop is several 100mA order, and depends the great portion of power 
consumed on an optical pickup on the laser drive current lop. The power consumption on an optical pickup 
3 is P=VCCxIop. (formula 9) 

It can come out and express. VCC is supply voltage, and when VCC varies in the largest direction, power 
consumption serves as max. The items of VCC are the operating voltage Vop of semiconductor laser 4, 
and the operating voltage Vd of the drive output section 18 as they are shown in drawing 9 , and they are 
VCC=Vop+Vd. (formula 1 0) 

It becomes. Although it is common to be transmitted by the flexible cable 20 from a main part 1 9 as VCC is 
shown in c_raw_ngj^ , and the voltage drop on a flexible cable etc. is considered, in this example, it is 
omitting for simplification. In addition, the regenerative-signal processing block 12, the record signal- 
processing block 13, the control block, etc. are mounted in the main part 19. 

[0054] Moreover, the operating voltage Vop of semiconductor laser 4 changes with the operating currents 
lop rather than is fixed. Generally it is diode voltage Vld, the internal resistance Rs, then Vop=Vld+IopxRs 
in semiconductor laser, (formula 1 1) 

It is expressed. As mentioned above, it is if a formula 9 is rewritten. P=(Vop+Vd) xlop (formula 1 2) 
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= Vld+IopxRs+VdxIop (formula 1 3) 
It becomes. 

[0055] The relation of the drive current lop is indicated to be the output light power of semiconductor laser 
4 to dr awing 1 2 . 

[0056] Semiconductor laser emits light in the power proportional to the drive current lop by making 
differential effectiveness eta into an inclination to the current more than a threshold current Ith. The 
above-mentioned property of semiconductor laser changes with degradation of operating environment 
temperature and the component by long duration use. 

[0057] Although it is the graph which Ith 1 and etal are ordinary temperature, respectively, and showed the 
relation of the output laser power pair drive current of the initial state of duration of service, the time of an 
elevated temperature, or after prolonged use, it shifts to the graph shown by Ith2 and eta2. That is, a drive 
current value required to carry out outgoing radiation of the fixed laser power P1 is set to Iop1 by the 
former, and is set to Iop2 (IopKIop2) by the latter. Generation of heat of the laser driving gear 5 increases, 
and the temperature of semiconductor laser 4 rises as the formula 4 showed from the formula 2, when the 
drive current lop increased. If temperature rises, there will be a possibility of leading to vicious circle of 
needing the still bigger drive current lop, and power-saving on an optical pickup 3 will become important. 
[0058] Although it is more effective in power saving of an optical head than a formula 9 and a formula 1 3 to 
make the drive current lop small, the dependence to a semiconductor laser component is high, and control 
is difficult for a semiconductor laser drive current, the temperature characteristic, and secular change. 
[0059] Therefore, power-saving becomes possible by controlling VCC from a formula 9, i.e., controlling the 
electrical potential difference Vd built over the laser driving gear output section from a formula 12. 
[0060] Drawing 13 and draw ing 14 are the circuits of the laser driving gear output section which 
incorporated the above-mentioned power-saving. Dr awi ng 13 shows the case where it is based on the 
laser drive approach of the method which pulls out the drive current lop from the cathode side of the 
semiconductor laser 4 shown by drawing 9 . The electrical-potential-difference detecting element 21 
detects the collector voltage of the transistor 18 of the laser driving gear output section. 
[0061] It is DC at the time of playback, and at the time of elimination, the collector current of a transistor 
18 is a pulse-like at the time of record, and it is [ it is a pulse-like or ] DC. Therefore, the gate mold 
electrical-potential-difference detection equipment which synchronized with the period when the drive 
current of the peak power 2 at the time of record, the bias power 1 at the time of elimination, and each 
lead power at the time of playback is flowing as one example as an electrical-potential-difference detecting 
element 21 is suitable. 

[0062] The output signal of the electrical-potential-difference detecting element 21 is the electrical- 
potential-difference comparator 22, it is compared with the electrical potential difference of the source 23 
of reference voltage, and a comparison result is fed back to the power supply section transistor 24, and 
the collector voltage of a transistor 18 is always controlled by this example by the fixed electrical potential 
difference in each at the time of record, elimination, and playback. 

[0063] If the collector voltage of a transistor 18 is set as the minimum value at the minimum value which 
can be operated, i.e., the range which does not carry out bottoming saturation, the calorific value in the 
laser drive current-output section is maintainable to min. 

[0064] The above can also change the source 23 of reference voltage to the optimal value to each mode of 
record, elimination, and playback, although the source 23 of reference voltage is made into the fixed 
electrical potential difference. 

[0065] Drawing 14 is the example which incorporated power-saving in the laser drive approach of the 
method which slushes the drive current lop from the anode side of the semiconductor laser 4 shown by 
dra win g 10 . The electrical-potential-difference detecting element 21 detects the collector voltage of the 
drive transistor 18 like the case of drawin g 13 , and the output of the electrical-potential-difference 
detecting element 21 is compared with the electrical potential difference of the source 23 of reference 
voltage by the electrical-potential-difference comparator 22, and feeds back the result to the power supply 
section transistor 24. 

[0066] Since the emitter electrical potential difference of the power supply section transistor 24 is the 
supply voltage of an optical disk unit, it produces variation, but since the source 23 of reference voltage 
consists of what has few voltage variation called a band gap, its collector voltage of a transistor 18 is 
stable in drawing 1 [3 , also to a source effect. 

[0067] Fluctuation part deltaPP of the power consumption of the transistor 24 by fluctuation part 
delta VCE of collector voltage VCE of the power supply section transistor 24 is deltaPP= deltaVCExlop 
(formula 14) 
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It becomes. Therefore, the power supply section transistor 24 brings a result which drives away a heat 
source to a main part from on an optical pickup also to a part for the line voltage variation of an optical 
disk unit by arranging in the location 19 separated from the optical pickup, for example, the main part 
shown in draw ing 1 1 . 

[0068] VCC shown by the formula 9 serves as a collector voltage of the power supply section transistor 
24, and is a collector voltage VC, then P=VcxIop (formula 15) 

On the other hand, since it is VC=Vop+Vd, it is from a formula 14. P=(Vop+Vd) xlop (formula 16) 
= Vld+IopxRs+VdxIop (formula 17) 

It becomes. Since Vop, Vld, and Rs are the values of semiconductor laser 3 proper and do not change, it 
turns out that the power consumption P of an optical pickup 3 is not influenced of a source effect. 
[0069] Moreover, reduction of the power consumption on an optical head is attained a passage clear from 
formulas 16 and 17 by adjusting the electrical potential difference of the source 23 of reference voltage so 
that the laser driving gear output section electrical potential difference Vd may serve as the minimum 
value which can be operated. 
[0070] 

[Effect of the Invention] As mentioned above, a laser driving gear can be arranged like this example on the 
pickup in which semiconductor laser is included, generation of heat on an optical pickup can be suppressed 
to the minimum by adjusting the electrical potential difference Vd concerning the laser driving gear output 
section to the minimum value which can be operated, and it becomes possible to accelerate a multiple- 
value semiconductor laser current drive to stability with high precision. That is, more nearly high-speed 
record playback is realizable. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the semiconductor laser control carried in the optical 
pickup of an optical disk unit. 
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PRIOR ART 



[Description of the Prior Art] An optical disk unit emits light in the semiconductor laser carried in the 
optical pickup. The reflection factor of the pit which condenses a feeble playback light on a disk at the time 
of playback, and is recorded on the disk, Phase contrast, a deflection angle, etc. are detected and read, 
semiconductor laser is made to emit light by power higher than the time of playback at the time of record, 
laser power is modulated according to the information to record, it records on a disk, laser power almost 
near at the time of record is irradiated on a disk at the time of elimination, and the Records Department is 
eliminated. 

[0003] For example, fundamentally, in record to a phase-change optical disk, binary [ of peak power and 
bias power ] is switched, it records a mark in the peak power section, and eliminates a record mark in the 
bias power section. 

[0004] However, in order to form the record mark stabilized in fact, it is insufficient, and two or more 
values more than binary need to be laser power switched of binary switching because of the purpose which 
equalizes the heating value applied to the mark which should be recorded, or the purpose which adjusts the 
heat balance of an edge always [ mark ] as shown in dra wing 1 . 

[0005] Record playback of an optical disk is also accelerated in recent years, and rapidity has come to be 
needed more also for the switching operation of the above-mentioned semiconductor laser. 
[0006] When it is going to realize the record pulse shown in drawing 1 at the time of high-speed record and 
the pulse shape of semiconductor laser is not fully accelerated, as shown in drawing 2 , laser power will not 
reach to desired peak value, but the heating-value imbalance to a record mark will arise, and a record mark 
will be distorted. 

[0007] Moreover, in the PWM record which has information in the edge before and after a record mark, 
since it is necessary to control the edge location of a record mark correctly, the record pulse with shorter 
standup of a record pulse and fall time is demanded. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, a laser driving gear can be arranged like this example on the 
pickup in which semiconductor laser is included, generation of heat on an optical pickup can be suppressed 
to the minimum by adjusting the electrical potential difference Vd concerning the laser driving gear output 
section to the minimum value which can be operated, and it becomes possible to accelerate a multiple- 
value semiconductor laser current drive to stability with high precision. That is, more nearly high-speed 
record playback is realizable. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the optical pickup which carried the semiconductor laser 
adopted conventionally, and the method which the semiconductor laser driving gear has separated, the 
drive current of semiconductor laser is usually transmitted with a flexible cable etc. In this case, the 
switching characteristic of a drive current gets worse with distributed constants, such as parasitic 
capacitance of a flexible cable. 

[0009] That is, aggravation of this switching characteristic serves as evil for accelerating an optical disk 
unit. 

[0010] This invention relates to power-saving for solving the problem of the heat centralization generated 
with the improvement to the above-mentioned evil, and an improvement. 

[0011] Drawin g 3 indicates build-up-time Tr of the semiconductor laser drive current when switching 
semiconductor laser in the shape of a pulse, and the relation of the fall time Tf to be the semiconductor 
laser of an optical disk unit, and the capacity component which is parasitic on the conductor between 
driving gears etc. 

[0012] Before the high frequency component of the pulse current transmitted is transmitted to 
semiconductor laser, it is bypassed through capacity, and build-up-time Tr of a driving pulse wave of 
semiconductor laser and the fall time Tf become large as a capacity component will increase, if its 
attention is paid to the above-mentioned capacity component. That is, the record pulse which became 
blunt as shown in drawin g 2 is approached. 

[0013] Temporarily, if the pulse of the highest frequency f1 is needed in a semiconductor laser driving 
pulse, as for pulse width, 0.5/fl becomes minimum pulse width, therefore, conditions which do not have the 
amplitude fall of a driving pulse in the pulse of a frequency f1 Tr — < — 0.5x0.5/f1 Tf — < — 0.5x0.5/f 1 
(formula 1) 
It becomes. 

[0014] For example, the highest frequency = for 60MHz pulse switching implementation, it is required from 
a formula 1 that both Tr and Tf should be 4.16 or less ns. 

[0015] In order to realize Tr and Tf<4.16ns from the experimental result shown in drawin g 3 , 10pF or less 
can say that a parasitic capacitance component is required. In order to fulfill these conditions, it is required 
to contiguity-ize distance between semiconductor laser and a laser mechanical component within 5cm. 
[0016] Therefore, in order to attain high-speed laser switching, for the distributed constant between a 
laser driving gear and semiconductor laser, and the purpose which mainly reduces a capacity component, 
between a laser driving gear and semiconductor laser is made to approach, namely, it is necessary to carry 
a laser driving gear on the optical pickup in which semiconductor laser is included. Or it is necessary for 
the same moving part as an optical pickup to attach a laser driving gear. However, it is the problem of the 
heat generated from semiconductor laser and a laser driving gear to become a problem in this case. 
[001 7] At the time of data logging to an optical disk, the semiconductor laser drive current lop is 
Td=K1xVdxIop, when the electrical potential difference which amounts to several 100mA and is built over 
the driving gear output section is set to Vd and a proportionality constant is set to K1. (formula 2) 
********** occurs in a driving gear. 

[0018] Since a laser driving gear and semiconductor laser need to approach in order to make small effect 
of a parasitic capacitance division-into-equal-parts cloth constant, and it is necessary to arrange them, 
they conduct the heat generated with the driving gear also to semiconductor laser, as mentioned above. 
[0019] It gets worse, more drive currents lop are needed, and the relation (differential effectiveness) of the 
laser luminescence power P to the drive current lop accelerates the temperature rise of a driving gear 
from a formula 1 further, so that the drive properties of semiconductor laser differ greatly and serve as an 
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elevated temperature with temperature. 

[0020] Moreover, itself is a source of generation of heat, and semiconductor laser is Vop and a 
proportionality constant about the operating voltage of semiconductor laser K2, then Tld=K2xVopxIop 
(formula 3) 

It becomes **********. That is, it is the temperature rise of K3, then semiconductor laser about the 
conductivity of the heat from a drive circuit to semiconductor laser. Tld=K2xVopxIop+K3xK1 xVdxIop 
(formula 4) 
It becomes. 
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MEANS 



[Means for Solving the Problem] Control of control of the drive current lop, proportionality constants K1 
and K2, and thermal conductivity K3 and control of the electrical potential differences Vd and Vld 
concerning the driving gear output section can be considered as a solution means of the above trouble. 
[0022] lop is the property of a semiconductor laser proper and proportionality constants K1, K2, and K3 are 
dependent on an optical pickup configuration and a thermal design. Moreover, although Vop is also changed 
according to the drive current lop, the amount of fluctuation is decided by diode voltage and internal series 
resistance, and is the value of a semiconductor laser proper fundamentally. 

[0023] Therefore, generation of heat of the optical head section is controlled by controlling the electrical 
potential difference Vd concerning the laser driving gear output section. 

[0024] The power supply section which controls the electrical potential difference supplied to the laser 
driving gear output section in order to control Vd is prepared, and the electrical potential difference of the 
laser driving gear output section is supervised, it controls by feeding back the difference to a power supply 
section as compared with the electrical potential difference used as criteria so that Vd can always maintain 
constant value, and further, within limits which can be drive operated, the laser driving gear output section 
sets up the electrical potential difference of a power supply section so that Vd may become the minimum 
value. 

[0025] The above-mentioned power supply section installs in locations other than the optical pickup in 
which semiconductor laser and a semiconductor laser driving gear are carried. That is, the surplus exoergic 
section is isolated in the location which does not participate in the semiconductor laser section thermally. 
[0026] Even if it furthermore changes the supply voltage of an optical disk unit with fluctuation of AC 
Rhine electrical potential difference, fluctuation of a load, other variations, etc., Vd of the semiconductor 
laser driving gear output section is kept constant, and generation of heat within an optical pickup stops 
being always related to these fluctuation. 

[0027] Thus, generation of heat in the optical pickup section can always be controlled by maintaining the 
electrical potential difference Vd concerning the laser driving gear output section at the minimum electrical 
potential difference which can be operated in the minimum condition, and the high speed semiconductor 
laser drive stabilized as a result can be realized. 
[0028] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. 

[0029] The system configuration Fig. of an optical disk record regenerative apparatus is shown in dr a wing 

4 . The roll control of the optical disk 1 is carried out in the fixed direction by the spindle motor 2. 3 is an 

optical pickup for performing record playback of data to an optical disk 1 . 

[0030] D rawi ng 5 contains the laser driving gear with the block diagram of an optical pickup 3. 

Semiconductor laser 4 outputs laser beam a according to the drive current lop supplied from the laser 

driving gear 5. Laser beam a outputted from semiconductor laser 4 is made into parallel light with a 

collimate lens 6, it passes a beam splitter 7 and incidence is carried out to an objective lens 8. With an 

objective lens 8, a laser beam is condensed and the focus of the condensing spot is carried out to the 

data-logging side of an optical disk 1. 

[0031] The laser beam reflected by the recording surface turns into parallel light with an objective lens 8 
again, changes an optical path and is condensed by the beam splitter 7 at a photodetector 9. 
[0032] The reflected light of an optical disk 1 is changed into an electrical signal by the photodetector 9, 
and is inputted into the servo block 10 of drawin g 4 . Focal control and tracking control are made according 
to the electrical signal of a photodetector 9. 

[0033] b, c, d and e, i.e., focal signal +, which are shown by dra win g 4 and drawing 5 , focal signal - tracking 
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signal +, and tracking signal - are inputted into the servo block 10. With a servo block, a tracking error 
signal is made from focal error signal and tracking signal + and tracking signal - from focal signal + and 
focal signal 

[0034] Current amplification of a focal error signal and the tracking error signal is carried out they are told 
to the actuator 11 of an optical pickup 3, and position control is carried out so that the outgoing radiation 
light of an optical pickup 3 may condense on the recording surface of an optical disk 1 . 
[0035] Moreover, the focal signals b and c and the tracking signals d and e which are outputted from a 
photodetector 9 are inputted into the regenerative-signal processing block 12 at coincidence, and the 
signal component of the high frequency band in a signal is detected as information data currently recorded 
as a pit on the optical disk. 

[0036] In the record signal-processing block 13, modulation, laser power which carries out format 
conversion and which is shown later, and timing control are performed for external input data to optical 
disks. 

[0037] The Maine control block 14 is controlling the above regenerative-signal processing block 13 and the 
record signal-processing block 12. 

[0038] The power and the record mark of semiconductor laser when recording a mark on a phase-change 
optical disk as an example are shown in drawin g 6 . The peak power 1 (PEAK1) and the peak power 2 
(PEAK2) are the power for forming a record mark on an optical disk 1. The bias power 1 (BIAS1) is the 
power for eliminating the mark recorded on the substrate. The bias power 2 (BIAS2) is the power for 
reducing heat are recording of a mark. 

[0039] Moreover, about the area which is not recorded, playback power (READ) is always turned on. 
[0040] That is, this example means needing a laser power setup of five values for data logging to an optical 
disk, and playback. 

[0041] The block diagram of a semiconductor laser driving gear is shown in drawing 7 . A playback power 
programmed-current input (IINRD), the peak power 1 programmed-current input (IINPK1), the peak power 2 
programmed-current input (IINPK2), the bias power 1 programmed-current input (IINBS1), and the bias 
power 2 programmed-current input (HNBS2) are inputted into the current input buffer section 15 from the 
record signal-processing block 1 3, respectively. 

[0042] By taking a current input gestalt, a power setting signal can make the impedance of an electrical 
transmission way small, and makes effect of a noise the minimum in the long transmission line by a flexible 
cable etc. In addition, as for Above IINRD, and IINPK1, IINPK2, IINBS1 and IINBS2, it is also possible for a 
current input to take not conditions but a volt input gestalt absolutely. 

[0043] Timing signals are a playback power timing signal (RDMD), peak power 1 timing signal (PK1MD+, 
PK1MD-), peak power 2 timing signal (PK2MD+, PK2MD-), bias power 1 timing signal (BS1MD+, BS1MD-), 
and bias power 2 timing signal (BS2MD). 

[0044] A power timing signal functions as an enable signal to the power programmed current inputted into 
the current buffer section 15 in a current driving gear. 

[0045] The switching timing of the timing signal for realizing laser luminescence shown by drawing 6 is 
shown in draw ing 8 . An active state and bias power 2 timing-signal BS2MD are also always active states in 
record or elimination area between playback power luminescence time amount, and playback power timing 
signal RDMD seldom needs rapidity as a switching speed. Therefore, in this example, the timing 
transmission system of the single end is taken about the above-mentioned 2 timing signals, and it is 
inputted into the single end logic input section 16. 

[0046] In drawing 8 , BS2MD makes L level the active state. Peak power 1 timing-signal PK1MD, peak 
power 2 timing-signal PK2MD, and bias power 1 timing-signal BS1MD are a timing signal which needs high- 
speed switching at the time of record mark formation, take a differential gestalt, and are inputted into the 
differential logic input section shown in drawing._7 as d£awmgJ3 shows them. The signal after the operation 
of the control signal of a difference input is defined as follows, respectively. 
[0047] 

PK1MD=(PK1MD+)- (PK1MD-) (formula 5) 
PK2MD=(PK2MD+)- (PK2MD-) (formula 6) 
BS1MD=(BS1MD+)- (BS1MD-) (formula 7) 

If PK1MD of d£awijng__8 is taken for an example, PK1MD+ will make an active state the time of H level and 
PK1MD- being L level. It is possible to cancel a penetration noise component also in the long transmission 
line by a flexible cable etc. for the data transmission of a differential gestalt. moreover — since the 
crossing point of a positive logic input and a negative logic input serves as an edge location of the result of 
an operation, ****** change of duty arises by voltage variation and the noise — final difference — 
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affecting the duty after an operation decreases. 

[0048] By the optical disk record approach which adopts as the die length of a record mark the PWM 

record which gives information, the duty shelf life of a record pulse is very important. 

[0049] Under a definition, the relation of lop is indicated to be each control line as follows above. 

Iop=Gx ( RDMDxIINRD +PK1 MDxIINPKI +PK2 MDxIINPK2 +BS1 MDxIINBSI +BS2 MDxIINBS2) (formula 8) 

It becomes. G is gain of a current mechanical component shown in 18 of drawing 7 . 

[0050] a timing signal be make into a 2 signal differential type , distribute and it depend until it adopt an 

addition method as the creation of a scale and a semiconductor laser driving signal and finally carry out the 

addition composition of the improvement in precision by increase the reinforcement for a noise , and in 

order to deal with and process each element current of small level , it become that it be advantageous in 

calorific value , a switching characteristic , etc. in the buffer sections 15,16 , and 17 about the record and 

the elimination actuation which need a rapidity for control timing as mentioned above . 

[0051] Drawing 9 and dra win g 10 are drawings in which the configuration of the output section 18 of a 

semiconductor laser current driving gear was simplified and described. 

[0052] D r a w ing 9 shows the method which supplies the drive current lop in the direction sucked out of the 
cathode side of semiconductor laser 4, and drawing 1010 shows the method which supplies the drive 
current lop in the direction slushed from the anode side of semiconductor laser 4. 
[0053] The laser drive current lop is several 100mA order, and depends the great portion of power 
consumed on an optical pickup on the laser drive current lop. The power consumption on an optical pickup 

3 is P=VCCxIop. (formula 9) 

It can come out and express. VCC is supply voltage, and when VCC varies in the largest direction, power 
consumption serves as max. The items of VCC are the operating voltage Vop of semiconductor laser 4, 
and the operating voltage Vd of the drive output section 18 as they are shown in drawing 9 , and they are 
VCC=Vop+Vd. (formula 10) 

It becomes. Although it is common to be transmitted by the flexible cable 20 from a main part 19 as VCC is 
shown in drawi ng 1 1 , and the voltage drop on a flexible cable etc. is considered, in this example, it is 
omitting for simplification. In addition, the regenerative-signal processing block 12, the record signal- 
processing block 13, the control block, etc. are mounted in the main part 19. 

[0054] Moreover, the operating voltage Vop of semiconductor laser 4 changes with the operating currents 
lop rather than is fixed. Generally it is diode voltage Vld, the internal resistance Rs, then Vop=Vld+IopxRs 
in semiconductor laser, (formula 1 1) 

It is expressed. As mentioned above, it is if a formula 9 is rewritten. P=(Vop+Vd) xlop (formula 1 2) 
= Vld+IopxRs+VdxIop (formula 1 3) 
It becomes. 

[0055] The relation of the drive current lop is indicated to be the output light power of semiconductor laser 

4 to dra win g 12 . 

[0056] Semiconductor laser emits light in the power proportional to the drive current lop by making 
differential effectiveness eta into an inclination to the current more than a threshold current Ith. The 
above-mentioned property of semiconductor laser changes with degradation of operating environment 
temperature and the component by long duration use. 

[0057] Although it is the graph which Ithl and etal are ordinary temperature, respectively, and showed the 
relation of the output laser power pair drive current of the initial state of duration of service, the time of an 
elevated temperature, or after prolonged use, it shifts to the graph shown by Ith2 and eta2. That is, a drive 
current value required to carry out outgoing radiation of the fixed laser power P1 is set to Iop1 by the 
former, and is set to Iop2 (IopKIop2) by the latter. Generation of heat of the laser driving gear 5 increases, 
and the temperature of semiconductor laser 4 rises as the formula 4 showed from the formula 2, when the 
drive current lop increased. If temperature rises, there will be a possibility of leading to vicious circle of 
needing the still bigger drive current lop, and power-saving on an optical pickup 3 will become important. 
[0058] Although it is more effective in power saving of an optical head than a formula 9 and a formula 13 to 
make the drive current lop small, the dependence to a semiconductor laser component is high, and control 
is difficult for a semiconductor laser drive current, the temperature characteristic, and secular change. 
[0059] Therefore, power-saving becomes possible by controlling VCC from a formula 9, i.e., controlling the 
electrical potential difference Vd built over the laser driving gear output section from a formula 12. 
[0060] Drawing 13 and dra wi n g 14 are the circuits of the laser driving gear output section which 
incorporated the above-mentioned power-saving. D rawing 13 shows the case where it is based on the 
laser drive approach of the method which pulls out the drive current lop from the cathode side of the 
semiconductor laser 4 shown by dr awin g 9 . The electrical-potential-difference detecting element 21 
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detects the collector voltage of the transistor 18 of the laser driving gear output section. 
[0061] It is DC at the time of playback, and at the time of elimination, the collector current of a transistor 
18 is a pulse-like at the time of record, and it is [ it is a pulse-like or ] DC. Therefore, the gate mold 
electrical-potential-difference detection equipment which synchronized with the period when the drive 
current of the peak power 2 at the time of record, the bias power 1 at the time of elimination, and each 
lead power at the time of playback is flowing as one example as an electrical-potential-difference detecting 
element 21 is suitable. 

[0062] The output signal of the electrical-potential-difference detecting element 21 is the electrical- 
potential-difference comparator 22, it is compared with the electrical potential difference of the source 23 
of reference voltage, and a comparison result is fed back to the power supply section transistor 24, and 
the collector voltage of a transistor 18 is always controlled by this example by the fixed electrical potential 
difference in each at the time of record, elimination, and playback. 

[0063] If the collector voltage of a transistor 18 is set as the minimum value at the minimum value which 
can be operated, i.e., the range which does not carry out bottoming saturation, the calorific value in the 
laser drive current-output section is maintainable to min. 

[0064] The above can also change the source 23 of reference voltage to the optimal value to each mode of 
record, elimination, and playback, although the source 23 of reference voltage is made into the fixed 
electrical potential difference. 

[0065] Dra win g 14 is the example which incorporated power-saving in the laser drive approach of the 
method which slushes the drive current lop from the anode side of the semiconductor laser 4 shown by 
drawing 10 . The electrical-potential-difference detecting element 21 detects the collector voltage of the 
drive transistor 18. like the case of drawing \3 , and the output of the electrical-potential-difference 
detecting element 21 is compared with the electrical potential difference of the source 23 of reference 
voltage by the electrical-potential-difference comparator 22, and feeds back the result to the power supply 
section transistor 24. 

[0066] Since the emitter electrical potential difference of the power supply section transistor 24 is the 
supply voltage of an optical disk unit, it produces variation, but since the source 23 of reference voltage 
consists of what has few voltage variation called a band gap, its collector voltage of a transistor 18 is 
stable in dra win g 13 , also to a source effect. 

[0067] Fluctuation part deltaPP of the power consumption of the transistor 24 by fluctuation part 
deltaVCE of collector voltage VCE of the power supply section transistor 24 is deltaPP=. deltaVCExlop 
(formula 14) 

It becomes. Therefore, the power supply section transistor 24 brings a result which drives away a heat 
source to a main part from on an optical pickup also to a part for the line voltage variation of an optical 
disk unit by arranging in the location 19 separated from the optical pickup, for example, the main part 
shown in dr aw ing 1 1 . 

[0068] VCC shown by the formula 9 serves as a collector voltage of the power supply section transistor 
24, and is a collector voltage VC, then P=VcxIop (formula 15) 

On the other hand, since it is VC=Vop+Vd, it is from a formula 14. P=(Vop+Vd) xlop (formula 16) 
= Vld+IopxRs+VdxIop (formula 1 7) 

It becomes. Since Vop, Vld, and Rs are the values of semiconductor laser 3 proper and do not change, it 
turns out that the power consumption P of an optical pickup 3 is not influenced of a source effect. 
[0069] Moreover, reduction of the power consumption on an optical head is attained a passage clear from 
formulas 16 and 17 by adjusting the electrical potential difference of the source 23 of reference voltage so 
that the laser driving gear output section electrical potential difference Vd may serve as the minimum 
value which can be operated. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] Drawing showing the record pulse shape and the record mark of an optical disk 
[ Drawin g 2] Drawing showing a wave when a "provincial accent " occurs to a record pulse and the 
amplitude falls, and the example of a record mark 

[ Drawin g 3] The related Fig. of semiconductor laser, the capacity which is parasitic on the conductor 
between semiconductor laser mechanical components, and the pulse-shape build up time Tr and a fall time 
Tf 

[Drawin g 4] Optical disc system block diagram 
[ Drawin g 5 ] Optical pickup block diagram 

[ D rawi n g 6] An optical disk record mark and the Fig. corresponding to semiconductor laser power 
[ Drawin g 7] Semiconductor laser driving gear block diagram 

[D rawin g 8] The Fig. corresponding to semiconductor laser power and a timing signal 
[Drawing 9] Laser driving gear output section block diagram 
[ Dra w in g 10 ] Laser driving gear output section block diagram 
[ Drawing 1 1 ] Optical head plot plan 

[Drawing 12 ] The output-power pair drive current Fig. of semiconductor laser 
[Drawing 13 ] Power-saving laser driving gear output section block diagram 
[ Drawin g 14] Power-saving laser driving gear output section block diagram 
[Description of Notations] 

1 Optical Disk 

2 Spindle Motor 

3 Optical Pickup 

4 Semiconductor Laser 

5 Laser Driving Gear 

6 Collimate Lens 

7 Beam Splitter 

8 Objective Lens 

9 Photodetector 

10 Servo Block 

1 1 AKUCHIEETA 

12 Regenerative-Signal Processing Block 

13 Record Signal-Processing Block 

14 Maine Control Block 

15 Current Input Buffer Section 

16 Single End Logic Input Section 

17 Differential Logic Input Section 

18 Laser Driving Gear Output Section 

19 Main Part 

20 Flexible Cable 

21 Electrical-Potential-Difference Detecting Element 

22 Electrical-Potential-Difference Comparator 

23 Source of Reference Voltage 

24 Power Supply Section Transistor 
Laser beam 
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b Focal signal + 
c Focal signal - 
d Tracking signal + 
e Tracking signal - 
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